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Dynein Cargo Gets
Its Groove Back
tRecent work from the King lab (Wu et al., 2005) on
pthe structure of the Tctex1 dynein light chain provides
pnew insights into the mechanism of cytoplasmic dy-
hnein cargo binding and the functional significance of
mlight chain isoform diversity.
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Cytoplasmic dynein, the motor protein that moves to- T
ward the minus ends of microtubules, has many roles in l
cells. It is responsible for the movement of membrane t
bounded organelles and viruses, Golgi positioning, ret- l
brograde axonal transport, cell and nuclear migration,nd kinetochore and spindle function during mitosis
King, 2002, Vallee et al., 2004). There are also separate
yneins in cilia and flagella, which are responsible for
enerating the sliding forces between axonemal micro-
ubules that result in flagellar bending, and an addi-
ional dynein involved in flagellar assembly. Cyto-
lasmic dynein is composed of two copies each of six
olypeptides. The C-terminal regions of two identical
eavy chains (w530 k Da) contain the motor domains,
icrotubule binding sites, and the ATP binding and hy-
rolysis sites. The heavy chains dimerize via their
-terminals, which also contain binding sites for the
ight intermediate chain and intermediate chain poly-
eptides. There are three distinct light chain families,
ctex1, Roadblock, and LC8, which bind to separate
ocations on the intermediate chains. Together, the in-
ermediate chains, light intermediate chains, and three
ight chains make up the cytoplasmic dynein cargo
inding domain.
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173The cytoplasmic dynein heavy chains are encoded
by a single gene, while the other five subunits are en-
coded by at least two genes and alternative splicing
and posttranslational modifications generate additional
isoforms. Although the functional significance of the
various isoforms is unknown, the many functions per-
formed by cytoplasmic dynein suggest that the iso-
forms are important for dynein regulation and/or bind-
ing to specific cargo. While isoforms are differentially
expressed in adult tissues or during development, in
most cases only circumstantial evidence exists for dif-
ferential function (Dillman et al., 1996, King, 2002). For
example, dyneins with different intermediate chain iso-
forms are found in the fast and slow components of
axonal transport. In this regard, it is of note that axo-
nemal dyneins have subunits related to the cytoplasmic
dynein intermediate chains, and some of the light chains,
including Tctex1, are common to the cytoplasmic and
axonemal dyneins.
There is strong evidence that the intermediate chains
and the adaptor protein complex, dynactin, are re-
quired for cytoplasmic dynein binding to its membrane
bounded organelle and kinetochore cargoes The dy-
nactin p150Glued subunit binds to the cytoplasmic dy-
nein intermediate chain while the dynactin arp1 sub-
units bind to membrane-associated spectrin or to the
kinetochore rod/Zw10 complex (Vallee et al., 2004). It
has also been observed that some proteins bind di-
rectly to the cytoplasmic dynein subunits, suggesting
that these protein cargos are moved by cytoplasmic
dynein. For example, pericentrin, a centrosomal protein
transported by dynein, binds to one of the light interme-
diate chains (Vallee et al., 2004). In addition, there have
been many reports of yeast two-hybrid screens identi-
fying the LC8 and Tctex1 light chains as binding part-
ners for proteins of interest. To date however, only one
yeast two-hybrid screen has identified the second
member of the Tctex1 family, rp3, as a candidate bind-
ing partner, and in that experiment both rp3 and Tctex
bound to the Herpes Virus protein vp26 (Douglas et al.,
2004). Rhodopsin binding to Tctex1 provides the best
documented example of the role dynein light chains
play in cargo binding. The C-terminal of rhodopsin
binds to Tctex1, but not to rp3 (Tai et al., 1999). Mutant
rhodopsins that are not transported into the eye outer
segment do not bind Tctex1. Dynein is present on rho-
dopsin-containing vesicles and excess Tctex1 in-
terferes with the motility of those vesicles in vitro.
Recent studies on the LC8 light chain structure and
its interaction with its binding partners raised concerns
about the hypothesis that binding to this subunit allows
dynein to move specific protein cargoes. LC8 is a dimer
whose two monomers bind via strand switched β sheets
with separate external helical hairpin surfaces. The di-
mer has two identical grooves that bind the two cyto-
plasmic dynein intermediate chains. Careful examina-
tion of the candidate LC8 binding partners indicates
that most of them bind at this intermediate chain bind-
ing site (Fan et al., 2001). This would suggest either that
the LC8 dimer binds to only one intermediate chain and
uses its second intermediate chain binding site to bind
a cargo protein, or that using the same LC8 binding formany distinct proteins reflects the fact that LC8 has
roles independent of dynein. There is considerable sup-
port in the literature for the second alternative. In brain,
no more than 50% of the LC8 is associated with cyto-
plasmic dynein and LC8 contributes to the function and
stabilization of many other dimeric proteins including
the flagellar dynein intermediate chains, myosin V heavy
chains, radial spokes, neuronal nitric oxide synthase,
and swallow, a Drosophila RNA localization protein
(King, 2002; Nyarko et al., 2004; Wang et al., 2004).
Prior to the work from the King lab there were similar
concerns about any role Tctex1 might play in trans-
porting its binding partners. However, while this work
confirms that LC8 and Tctex1 have similar structures,
the new data, combined with the earlier chemical shift
data from the Zhang lab (Mok et al., 2001), indicates
that the Tctex1 and LC8 dimers bind to the intermediate
chains in different ways. The intermediate chains bind
to one surface of the Tctex1 dimer leaving significant
portions of the remaining dimer, including much of the
intermonomer grooves available for binding to cargo
proteins. Importantly, many of the amino acid differ-
ences that distinguish Tctex1 and rp3 are on the sur-
faces that make up the putative cargo binding domain.
Thus, their data may explain how a protein such as rho-
dopsin binds Tctex1 but not rp3. It is of note that to
date rp3 has not yet been found in an axonemal dynein.
While it remains to be determined if rp3 and Tctex1 are
instrumental in defining differential dynein functions or
if any proteins bind specifically to rp3, this new data
allows for the design of experiments to test that model.
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